By Express Mail 



APPLICATION FOR UNITED STATE 
LETTERS PATENT 



Suspension System for Motor Vehicles 

Inventor: 

Hubert BECK 



1 



By Express Mail # EV3701 53491 US 

Suspension System for Motor Vehicles 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to a suspension system for motor vehicles having a 
level regulator for setting a predetermined height of the vehicle body, the level regulator 
including at least one piston-cylinder assembly having a working cylinder, a piston rod 
and a damping piston with damping valves, a pump, an oil reservoir and appropriate 
inflow and outflow lines between the oil reservoir and the piston-cylinder assembly, the 
pump being composed of a pump piston and a drive and being attached to the outer 
tube of the piston-cylinder assembly. 

2. Description of the Related Art 

[0002] Suspension systems for motor vehicles having a level regulating means 
for setting a predetermined height of the vehicle body are already known, for example, 
from U.S. Patent No. 6,553,761. In this reference, a pump with a drive unit is attached 
by flanges to the outer tube of the piston-cylinder assembly. The pump, together with 
the drive unit, may be used in level regulating elements with a pump rod (see Fig. 1 of 
the reference) or without a pump rod (see Fig. 2 of the reference). Pressure which 
pushes the piston rod outward for the purpose of regulating the level is generated within 
the piston-cylinder assembly. 

[0003] A disadvantage of this prior art device is that there is no possibility for 
fastening the pump, together with the drive unit, in a variable fashion, that is to say in 
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different positions, to the outer tube. A further disadvantage is that the components 
which are necessary for the level regulating element may only be mounted with difficulty 
within the outer tube. 
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SUMMARY OF THE INVENTION 

[0004] The object of the present invention is to provide a suspension system for 
motor vehicles in which the pump, together with the drive unit, are connectable to the 
piston-cylinder assembly without making changes and are securable in various 
positions. 

[0005] To achieve this object, the present invention provides a base which is 
sealed with respect to the outer tube. The base is arranged on the outer tube and the 
pump is capable of being fastened to this base in more than one position. 
[0006] The base may be, at least partially, welded to the outer tube. More 
specifically, the base may be spot welded to the outer tube. 

[0007] Securing the base to the outer tube, the base being secured here by 
means of a welded connection, provides the option of allowing the pump to be fastened, 
together with the drive unit, on this base in various alternative positions. 
[0008] A satisfactory seal is achieved by arranging the seals for the connections 
between the pump and the base. 

[0009] The position may be reconfigured without difficulty by virtue of the fact that 
the pump is screwed to the base. 

[0010] To ensure that the mounting operation is low in complexity in each desired 
position, at least one duct is provided in the pump for each fastening position. The 
ducts are arranged so that after the pump is mounted on the base in one fastening 
position, the duct which is used for the flow connection in that fastening position is 
connected and all the other ducts end at the base as blind lines. All the flow 
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connections are provided with seals. At the same time satisfactory seals are provided 
to produce the flow connection. When a flow connection is not present, the seal is 
sealed directly with respect to the base without a flow connection being formed, i.e., the 
line is a blind line. Each duct may, however, become the flow connection again when 
the mounting position changes. 

[0011] The components of the pump and drive unit which are necessary for the 
suspension system and which are located between the outer tube and the working 
cylinder are easily mounted by virtue of the fact that the inner wall of the outer tube runs 
in a cylindrical shape and without undercuts so that all the components which are 
necessary in the piston-cylinder assembly can be inserted axially into the outer tube. 
The components may be threaded axially one behind the other in the outer tube and 
secured or the individual elements of the pump may project through the base and the 
outer tube into the interior in order to hold certain individual parts in position in this way. 
[0012] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless otherwise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] In the drawing, wherein like reference characters denote similar elements 
throughout the several views: 

Fig. 1 is a side view of a suspension system according to the present 

invention; 

Fig. 2 is a side view of the suspension system in Fig. 1 from the direction 
indicated by the arrow labeled II; 

Fig. 3 is a view of a portion of the outer tube of the suspension system in 
Fig. 1 with a base; 

Fig. 4 is a partial sectional view the outer tube and base along line IV-IV in 

Fig. 3; 

Fig. 5 is a sectional view of the outer tube and base along line V-V in Fig. 

4; 

Fig. 6 is a partial sectional view of a suspension system and a pump 
according to the present invention; 

Fig. 7 is a plan view of the pump, base and outer tube of Fig. 6; 

Fig. 8 is a partial sectional view of a pump connected to the base on the 
outer tube in a first position; 

Fig. 9 is a partial sectional view of a pump connected to the base one the 
outer tube in a second position; 

Fig. 10 is a detailed partial sectional plan view of the base and outer tube 
prior to welding; and 
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Fig. 1 1 is a detailed partial sectional plan view of the base and outer tube 
of Fig. 10 after welding. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0014] Figs. 1 and 2 show a suspension system 1 in which a base 3 is connected 
to an outer tube 6 and a pump 2 is secured to the base 3. The pump 2 is fastened to 
the base 3 by fastening screws 5 on a flange face 4 of the base 3. 
[0015] The pump 2, together with its drive unit, is arranged in a suspended 
position in Figs. 1 and 2. However, the pump 2, together with the drive unit, may 
alternatively be arranged at the top of, i.e., above, the base 3. 

[0016] Fig. 3 shows a section of outer tube 6, wherein the base 3 is connected to 
the outer tube 6 by spot welds 3a. Threaded drilled holes 7 for fastening the pump 2 
are provided in the flange face 4 of the base 3. Fig. 4 is a side view of the base 3 and 
outer tube 6 of Fig. 3 and Fig. 5 is a plan view thereof. The base 3, which is adapted to 
the outer tube 6, may be positioned and centered before welding so that the central 
drilled hole 8 of the base 3 is held. As described below, the central drilled hole 8 
receives the pump 2. As further described below, the central drilled hole 8 of the base 3 
does not need to be sealed with respect to the central drilled hole of the outer tube 6. 
However, a drilled hole 9, the purpose of which is described below, is provided with a 
seal 10 with respect to the outer tube 6. After the base 3 has been welded to the outer 
tube 6, the drilled hole 9 is sufficiently sealed. 

[0017] Fig. 5 shows the outer tube 6 together with the base 3 in section, the 
threaded drilled holes 7 penetrating the entire base 3 in this exemplary embodiment. As 
an alternative, these threaded drilled holes 7 may also be embodied as threaded blind 
holes which are less sensitive to rust. 
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[0018] Fig. 6 is a sectional view of the suspension system 1 including a working 
cylinder 20, a piston rod 24 and a piston 25 being arranged inside the outer tube 6. A 
dividing wall 11 may be inserted axially into the outer tube 6 as the outer tube 6 is 
constructed so as to be cylindrical and free of undercuts. The dividing wall 11 divides 
the space between the working cylinder 20 and outer tube 6 into a low pressure space 
12 and a high pressure space 13. 

[0019] The central drilled hole 8, as shown in Fig. 4 not only penetrates the outer 
tube 6 but also partially continues in the dividing wall 1 1 so that a cylindrical shoulder 21 
of the pump 2 can engage into the dividing wall 11 and is sealed through appropriate 
provision of an O ring 22 so that no seal at all has to be provided in the central drilled 
hole 8 of the base 3. A pump piston 17 is arranged in the cylindrical shoulder 21 of the 
pump 2. The ducts 16 which are located in the pump 2 and which are also sealed with 
respect to the base 3 by means of static seals have the purpose of feeding back a 
leakage oil flow which is fed back into the oil reservoir from the rear side of the pump 
piston. This not only makes the friction of the pump piston lower but also brings about 
permanent lubrication of the other moveable parts, for example an eccentric 23 of the 
pump which acts on the pump piston 17. 

[0020] Figure 7 shows the fastening screws 5 used for securing the pump 2 to 
the base 3. The flange through holes 14 of the housing of the pump 2 have a 
corresponding passage diameter for compensating tolerances with respect to the 
fastening screws 5 and the threaded drilled holes 7. 
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[0021] Fig. 8 shows a partial sectional view of the suspension system in which 
the pump 2 is correspondingly secured to the outer tube 6. The schematically illustrated 
non return valves 15 trigger the pumping process as the piston 17 moves axially to and 
fro in order to feed damping agent from the low pressure space 12 into the high 
pressure space 13. As a result, the piston rod 24 (see Fig. 6) of the suspension system 

1 is moved in order to regulate the level. The upper duct 16 connects the low pressure 
space 12 to the interior of the housing of the pump 2 for the purpose of pressure 
equalization or lubrication and cooling the drive. A lower duct 16' is sealed with respect 
to the base 2 in this position of the pump 2 as a blind drilled hole. 

[0022] Fig. 9 shows the connection of the pump 2 to the outer tube 6 in the pump 

2 is offset by 180° relative to the position shown in Fig. 8 so that the duct 16' now brings 
about the connection between the low pressure space 12 and the interior of the housing 
of the pump, while the duct 16 which was previously functioning is closed. 

[0023] Fig. 10 shows the base 3 and outer tube 6 prior to making a welded 
connection between the base 3 and outer tube 6, the welding bulge 18 of the base 3 
being formed elevated in the non welded state with respect to the surrounding surface. 
Fig. 11 shows the base 3 and the outer tube 6 after the welding process. The welded 
material flows into the depressions 19 so that a flat abutment is produced between the 
base 3 and the outer tube 6. This so-called concealed weld does not permit any 
external impurities so that no preparatory work is necessary before the surface of the 
suspension system is coated. 



10 



By Express Mail # EV3701 53491 US 

[0024] Thus, while there have shown and described and pointed out fundamental 
novel features of the invention as applied to a preferred embodiment thereof, it will be 
understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the invention. For example, it is expressly 
intended that all combinations of those elements which perform substantially the same 
function in substantially the same way to achieve the same results are within the scope 
of the invention. Moreover, it should be recognized that structures and/or elements 
shown and/or described in connection with any disclosed form or embodiment of the 
invention may be incorporated in any other disclosed or described or suggested form or 
embodiment as a general matter of design choice. It is the intention, therefore, to be 
limited only as indicated by the scope of the claims appended hereto. 
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